Various proteases are expressed in the minor salivary glands (MSG) of patients with Sjögren's syndrome (SS), and as we have already shown, prolactin is neosynthesized in the acinar cells of patients with SS. The present study aims to characterize the influence of PRL on the expression of cathepsin B and D in the MSG of patients with SS. Cathepsin B and D expression was investigated immunohistochemically in MSG of 30 patients with SS and 15 healthy volunteers. The presence of cathepsin B and D mRNAs was checked in three SS patients and three control subjects by means of reverse transcriptionpolymerase chain reaction (RT-PCR). The specificity of the anti-cathepsin B and D antibodies used for the immunohistochemistry was checked by means of western blotting analysis. The influence of prolactin on the immunohistochemical expression of cathepsin B and D was quantitatively assayed by computer-assisted microscopy at three different doses (5, 50, and 500 ng/ml) on eight MSGs (four control subjects and four patients with SS) maintained ex vivo under organotypic cultures. This influence was also investigated at the mRNA level. Whereas cathepsin B immunopositivity was absent from glandular epithelial cells of healthy subjects and only slightly present in SS patients, cathepsin D immunoreactivity was considerably greater (p Ͻ 0.0001) in both the acini and the ducts of patients with SS as compared with control subjects. Cathepsin B, but not D, was also expressed in about 20% of infiltrating mononuclear cells of SS patients. Treatment of both healthy and SS minor salivary glands with PRL significantly (p Ͻ 0.05 to p Ͻ 0.0001) enhanced cathepsin B and D expression in acinar and ductal cells at both protein and mRNA levels. PRL produced locally in MSGs of SS patients, but not those of healthy subjects, could play a role in the pathogenesis of Sjögren's syndrome, if only through the activation of proteolytic activity on the part of cathepsins B and D. (Lab Invest 2000, 80:1711-1720.
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SUMMARY:
Various proteases are expressed in the minor salivary glands (MSG) of patients with Sjögren's syndrome (SS), and as we have already shown, prolactin is neosynthesized in the acinar cells of patients with SS. The present study aims to characterize the influence of PRL on the expression of cathepsin B and D in the MSG of patients with SS. Cathepsin B and D expression was investigated immunohistochemically in MSG of 30 patients with SS and 15 healthy volunteers. The presence of cathepsin B and D mRNAs was checked in three SS patients and three control subjects by means of reverse transcriptionpolymerase chain reaction (RT-PCR). The specificity of the anti-cathepsin B and D antibodies used for the immunohistochemistry was checked by means of western blotting analysis. The influence of prolactin on the immunohistochemical expression of cathepsin B and D was quantitatively assayed by computer-assisted microscopy at three different doses (5, 50, and 500 ng/ml) on eight MSGs (four control subjects and four patients with SS) maintained ex vivo under organotypic cultures. This influence was also investigated at the mRNA level. Whereas cathepsin B immunopositivity was absent from glandular epithelial cells of healthy subjects and only slightly present in SS patients, cathepsin D immunoreactivity was considerably greater (p Ͻ 0.0001) in both the acini and the ducts of patients with SS as compared with control subjects. Cathepsin B, but not D, was also expressed in about 20% of infiltrating mononuclear cells of SS patients. Treatment of both healthy and SS minor salivary glands with PRL significantly (p Ͻ 0.05 to p Ͻ 0.0001) enhanced cathepsin B and D expression in acinar and ductal cells at both protein and mRNA levels. PRL produced locally in MSGs of SS patients, but not those of healthy subjects, could play a role in the pathogenesis of Sjögren's syndrome, if only through the activation of proteolytic activity on the part of cathepsins B and D. (Lab Invest 2000 , 80:1711 -1720 .
S
jögren's syndrome (SS) is a chronic autoimmune disease characterized by lymphocytic infiltration and destruction of salivary and lacrimal glands leading to the loss of secretory function with clinical presentation of xerostomia and dry eyes (Fox and Kang, 1992 ). Sjögren's syndrome is associated with the production of autoantibodies because B cell activation is a consistent immunoregulatory abnormality. The events that lead to SS autoimmune responses are not clearly established, but genetic, endocrine, and viral factors are relevant (Fox and Kang, 1992) . The development of SS is strongly associated with major histocompatibility complex (MHC) class II genes and, particularly, human leukocyte antigen (HLA)-DR and -DQ alleles (Foster et al, 1993; Kerttula et al, 1996; Reveille and Arnett, 1992; Rischmueller et al, 1998) . These molecules play a central role in the initiation and maintenance of immune responses in that they present proteolytically processed antigen peptides to CD4 T lymphocytes, which are the most frequent infiltrating cells in SS (Adamson et al, 1983) .
Cathepsin D is an aspartic protease present in most of the cells of many species, including humans (Scezi, 1992) , and seems to play an important role in the processing of antigens into lysosomes (Davidson and Watts, 1989) . Cathepsin B is a cysteine protease with both exo-and endopeptidase activity (Chapman et al, 1997) . Cathepsin D has been shown to be capable of activating cathepsin B by the cleavage of the procathepsin polypeptide (Nishimura et al, 1988) . Cathepsins B and D are involved in several of the pathways leading to apoptosis (Deiss et al, 1996; Roberts et al, 1999) .
Salivary epithelial cells from patients with SS express MHC class II molecules (Fox et al, 1986a) . Recent studies (Kaslow et al, 1998; Yang et al, 1999) suggest that acinar epithelial cells, induced to express MHC class II molecules, function as autoantigen processing and presenting cells. Cathepsin B and D are antigen-processing enzymes (Mizuochi et al, 1994) . Furthermore, both cathepsin B and D are involved in a proteolytic cascade resulting in activation of inactive prometalloproteinases to form active metalloproteinases (Mort and Buttle, 1997) . Elevated matrix metallo-proteinase (MMP-2, -9) activity has been reported in human salivary gland cell lines treated with interferon-␥ (Wu et al, 1997) . In addition, Azuma et al (1997) have shown that various cytokines, including tumor necrosis factor-␣ (TNF-␣) and interleukin-1␤ (IL-1␤), contribute to the destruction of basal membrane of labial salivary acinar epithelial cells from SS patients, acting in part through the activation of MMP-2 proteolytic activity.
In a previous study (Steinfeld et al, 2000) , we report the neosynthesis and overexpression of a big prolactin (60 kDa) in the glandular epithelial cells of minor salivary glands of patients with SS. We and others (Garcia-Caballero et al, 1996; Steinfeld et al, 2000) have also shown that PRL-receptor was expressed in ductal epithelial cells leading to a paracrine action of PRL. Furthermore, the presence of anti-Ro and anti-La antibodies was associated with a higher percentage of PRL in acinar epihelial cells suggesting a role for PRL in inducing autoantibody production (Steinfeld et al, 2000) . Because cytokines, including PRL, have been shown to stimulate the synthesis and production of certain proteases in various cell types (Nagafuchi et al, 1999) , we investigated whether PRL could modulate cathepsin B and D expression in the minor salivary glands of patients with SS. We thus made use of computer-assisted microscopy to quantitatively determine the immunohistochemical expression of cathepsins B and D in the ducts and acini of minor salivary glands biopsied in SS patients as opposed to healthy volunteers and maintained ex vivo under organotypic culture conditions. Cathepsin B and D mRNAs were evidenced in the minor salivary glands (MSGs) of the patients with SS and the control subjects by means of RT-PCR.
Results
Characterization of Cathepsin B and D Expression in MSGs of Patients with SS and Control Subjects
Cathepsin B appeared not to be expressed in minor salivary glands of SS patients and healthy subjects when the evaluation of any expression was carried out semiquantitatively on archive materials, ie, MSGs fixed in formalin, embedded in paraffin, and used for routine diagnosis (Table 1 ). In contrast, acini in the MSGs used for the organotypic cultures exhibited a significant level of cathepsin B expression (quantified in Fig. 1 ). Infiltrating mononuclear cells were slightly immunoreactive to cathepsin B in MSGs of patients with SS (data not shown).
Cathepsin D immunoreactivity was considerably greater (p Ͻ 0.0001) in the acinar and ductal epithelial cells of SS minor salivary glands than in control glands (Table 1) . Both normal and pathological epithelial cells showed a granular pattern, thus indicating the lysosomal localization of cathepsin D (Fig. 2) . Cathepsin D was absent from infiltrating mononuclear cells (data not shown).
Characterization of the Specificities of the Anticathepsin B and D Antibodies and Validation of the Computer-Assisted Microscope Analysis
The specificities of the anticathepsin B and D antibodies that we used throughout were checked by means of western blotting analysis. We employed three human cancer cell lines (the breast T47-D and MCF-7 and the colon LoVo models) that we knew to express cathepsins B and D, but at different intensities. The upper part of Figure 3 shows that the anticathepsin D antibody recognizes both the inactive 52 kDa procathepsin D and the active 34 kDa cathepsin D, whereas the anticathepsin B antibody recognizes the active 31 kDa cathepsin B. These data thus indicate that the antibodies used in the present study exhibited good specificities against cathepsins B and D, the proteins under investigation.
The data obtained by means of western blotting analysis (upper part of Fig. 3 ) fit in perfectly with those obtained by means of computer-assisted microscope analysis (lower part of Fig. 3) . Indeed, the intensities of the cathepsin D bands (upper left part of Fig. 3 ) in the western blotting analysis were higher than those for the cathepsin B bands (upper right part of Fig. 3) , and the computer-assisted microscope analysis also revealed that the cathepsin D expression (assessed by means of the mean optical density variable), ie, the open bars in the lower part of Figure 3 , was significantly higher (p Ͻ 0.001 in the LoVo and MCF-7 cell lines and p Ͻ 0.0001 in the T47-D cell line) than that of cathepsin B (hatched bars). In the same vein, the intensity of the cathepsin D bands appeared stronger in the MCF-7 and T47-D cell lines than in the LoVo cell line. Very similar data were provided by the computerassisted microscope analysis. All these data therefore validate the use of the computer-assisted microscope analysis of the immunohistochemical expression of cathepsin B and D in the organotypic cultures of minor salivary glands. 
The percentage of positive cells (LI) was subjectively divided into four grades: no positive cells ϭ -; 0% to 25% positive cells ϭ ϩ; 26% to 50% positive cells ϭ ϩϩ; and Ͼ50% positive cells ϭ ϩϩϩ.
b Absence of staining (SI) or staining equivalent to background staining in the negative control was graded 0, weak to moderate staining was graded 1, and intense staining was graded 2. ** ϭ p Ͻ 0.01; *** ϭ p Ͻ 0.0001 (Pearson 2 ).
Figure 1.
Effects of prolactin on the immunohistochemical expression of cathepsin B and D in minor salivary glands obtained from a healthy subject (A, C, E and G) and from a patient with Sjögren's syndrome (B, D, F and H). The minor salivary glands were maintained under organotypic culture conditions for 24 hours in the absence (0) or presence of 5, 50, or 500 ng/ml human prolactin. Cathepsin B (A to D) and D (E to H) immunoreactivity were quantified by means of computer-assisted microscopy on conventional histological slides obtained from these organotypic cultures and immunostained with the antibodies characterized in Figure 3 and its legend. The labeling index variable represents the percentage of immunohistochemically positive cells for a given antibody, and the mean optical density variable denotes staining intensity, ie, the cathepsin B or D concentration. Twenty acini (large dark bars) and ten ducts (large hatched bars) were analyzed in each experimental condition. The data are presented as means (large bars) Ϯ SEM (thin bars). Mann-Whitney test: * p Ͻ 0.05; ** p Ͻ 0.01; *** p Ͻ 0.001; and **** p Ͻ 0.0001.
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• Number 11 Figure 4A illustrates the RT-PCR-related data for the cathepsin B and D transcripts in three SS MSGs (SS) and three control glands (CT). Cathepsin B mRNA was present in one of three control glands and in all three SS MSGs. Cathepsin D mRNA was present in two of three control glands and in all three SS MSGs. Figure 4B illustrates the RT-PCR-related data for one minor salivary control gland cultured for 12 hours in both the presence (ϩ) and the absence (-) of 50 ng/ml prolactin. Although cathepsin B, but not cathepsin D, mRNA was absent in the control subject in absence of prolactin, very high levels of both cathepsin B and D mRNAs appeared after this culture in the presence of 50 ng/ml prolactin for 24 hours. In the MSGs of an SS patient cultured under the same experimental conditions, high levels of both cathepsin B and D mRNAs were observed in both control and the prolactin-treated conditions.
Identification of Cathepsins B and D mRNAs
Prolactin-Induced Effects on Immunohistochemical Cathepsin B and D Expression in MSGs of Control Subjects and Patients with SS
The prolactin-induced effects on the immunohistochemical expression of cathepsins B and D in the acini and ducts of minor salivary glands maintained for 24 hours under organotypic conditions were characterized at three distinct doses (5, 50, and 500 ng/ml) in four control subjects and four patients with SS. The data obtained for the four control subjects were similar, as was also the case for the four patients with SS (data not shown). Therefore, for the sake of clarity in the presentation of the data, we will give those for one control subject and one SS patient only. Figure 1 , A, C, E, and G refer to the control subject, and Figure 1 , B, D, E, and H refer to the patient with SS. The data indicate that markedly more cells expressed both cathepsin B and D in the ducts (the hatched bars in Fig. 1 ) than in the acini (dark bars) in both the control subject (Fig. 1, A and E) and the patient with SS (Fig.  1, B and F) . Prolactin significantly increased the percentages of both cathepsin B and D immunopositive cells in a bell-shaped dose-dependent curve in both the control subject (Fig. 1, A and E) and the patient with SS (Fig. 1, B and F) . Although less pronounced, similar data were obtained for the acini (Fig. 1, A and B, E and F). The prolactin influence at the level of the cathepsin B immunohistochemical intensity (Fig. 1, C and D) was similar to what was observed for the percentage of cathepsin B immunopositive cells (Fig.  1, A and B) . Prolactin markedly increased cathepsin D staining intensity in the control subject (Fig. 1G) , while it did so only slightly in the case of SS patient (Fig. 1H) . These features were typical of the 8 series of MSGs under study (data not shown). These data therefore suggest that MSGs of patients with SS are less reactive to prolactin in terms of cathepsin D secretion because of the exhaustion of the system caused by the prolactin neosynthesis in these patients with SS, as explained in the "Discussion" section. Figure 5 shows that cathepsin B immunoreactivity was also significantly increased in infiltrating mononuclear cells by prolactin treatment. No such significant prolactin-induced increase in cathepsin D-immunopositive infiltrating cells was observed.
Discussion
Recent studies of murine-nonobese diabetic (NOD), nonobese diabetic/severe combined immune-deficient 
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(NOD-Scid)-SS models and of patients with SS indicate that before the appearance of glandular infiltrating lymphocytes, the aberrant expression of proteases occurs in the saliva and gland lysates (Hanemaaijer et al, 1998; Konttinen et al, 1994; Robinson et al, 1997) . Acinarprogrammed cell death in the submandibular gland of NOD-Scid mice appears to be independent of the lymphocyte infiltration (Robinson et al, 1996) .
We recently showed that, although prolactin was neosynthesized in the acinar cells of minor salivary glands of patients with SS, this feature was not observed in control subjects (Steinfeld et al, 2000) . In addition, the expression of prolactin was higher in SS patients with clinical extraglandular manifestations than in SS patients without these manifestations. Prolactin levels were positively correlated with the production of autoantibodies Ro and La nuclear proteins (Steinfeld et al, 2000) . In the present study, we postulate a working hypothesis that the continuous prolactin neosynthesis in minor salivary glands of SS patients, but not in those of healthy subjects, might modulate the level of expression of some proteases and so lead to a progressive destruction of the glandular epithelial cells because of this vicious circle. We chose to target cysteine and aspartic proteinases for the following reasons. Firstly, cathepsin B and D play major roles in the proteolytic cascade (Mort and Buttle, 1997) , in apoptosis (Roberts et al, 1999) and in processing antigen (Yang et al, 1999) . Prolactin is reported to regulate protein synthesis in animal salivary glands (Sabbadini and Berczi, 1995) . In addition, several investigators have reported that prolactin may induce the overexpression of proteinases in the synovial cells of patients with rheumatoid arthritis (Nagafuchi et al, 1999) or during preovulatory peaks (Goto et al, 1999; Hirsch et al, 1999) , ie, in a strong prolactin environment. Lastly, Azuma et al (1997) have reported an excessive metalloproteinase-2 production by human salivary gland acinar cells in response to cytokines.
The present study shows that glandular epithelial cells in minor salivary glands of SS patients markedly express cathepsin D. This observation was made on the basis of both the biopsies obtained from routine diagnostic procedures and the glands maintained ex vivo under organotypic culture conditions. With respect to cathepsin B, whereas no expression was found in the routine biopsies, a slight expression was observed in the organotypic cultures. This feature suggests that cathepsin B expression could be repressed in vivo and that, once MSGs are removed and cultured in vitro, the inhibitory mechanism(s) no longer operate(s). Our data revealed that, in SS patients as well as in healthy controls, prolactin very significantly up-regulated the expression of both cathepsin B and D in a dose-dependent manner and following a bellshaped curve. These data therefore validate our working hypothesis. Indeed, since we show that prolactin is neosynthesized in the glandular cells of the MSGs of patients with SS, and not in those of healthy controls, this neosynthesized prolactin is therefore able to stimulate the continuous expression of both cathepsins B and D and this, in turn, will bring their proteolytic activities into play. This feature is not present in healthy subjects because there is no neosynthesis of prolactin. The data that we obtained here should be included in a more general context indicating that cathepsins B and D are involved in the pathology of chronic inflammatory diseases of the airways and joints, and in cancer (Mort and Buttle, 1997) . The up-regulation and altered localization of cathepsins have been correlated with many cancers (Frosch et al, 1999) . In normal epithelial cells, cathepsin B is localized into lysosomes, which are found in the perinuclear region, but localization is altered in tumors (Frosch et al, 1999) . These alterations include secretion and localization on the cell surface, thus indicating a role for this protease in the degradation of extracellular matrix and basement membrane proteins. In the SS epithelial cells, cathepsin B was mainly located in the basal region of the cell.
Whether or not prolactin acts directly or indirectly at the level of the promotors of cathepsin B and D genes is still unknown. What is known is that Sjögren's syndrome occurs almost exclusively in women, and the influences of sex hormones and the hypothalamicpituitary axis are already well established in the pathophysiology of the Sjögren's syndrome (Johnson et al, 1998) . Furthermore, androgens are known to decrease the activity of cathepsin D (Tanabe et al, 1982) , and 17␤-estradiol may induce cathepsin D gene expression (Cavaillès et al, 1993) . Frosch et al (1999) have reported that the E-box is a regulatory element for the promoter region of cathepsin B gene. This E-box coordinates ovine prolactin transactivation (Liang et al, 1999) .
The present data also revealed that infiltrating mononuclear cells in the MSGs of SS patients, when cultured in the presence of prolactin, showed an increased cathepsin B-immunoreactivity compared with the control condition. These findings suggest that the neosynthesized prolactin in the MSGs of patients with SS could modulate the biological functions of these infiltrating cells. Hyperprolactinemia has already been shown to be associated with a higher incidence of autoantibodies (Allen et al, 1996; Gutiérrez et al, 1996) . One of the most frequent immunological dysregulations in patients with Sjögren's syndrome is the production of autoantibodies against the Ro and La nuclear protein. Salivary epithelial cells normally do not express these proteins (Peek et al, 1993) . However, viral infection and cytokines lead to a significant Ro and La expression in salivary cells (Clark et al, 1994) . Prolactin promotes the growth-related gene mRNA (Neidhart, 1998) , and prolactin receptors are members of the hematopoietic/cytokine receptor family that are also present on the lymphocyte surface (Bole-Feysot et al, 1998) . This type of receptor induces tyrosine phosphorylation by signaling through a Janus family kinase (JAK2) and transmission proteins belonging to the Stat5 family (Bole-Feysot et al, 1998) . Stat5 is involved in the signal transduction of various cytokines and growth factors including interleukin-6 (IL-6), which is reported to be high in the saliva of SS patients (Grisius et al, 1996) . In addition, IL-6 is an important factor in the production of immunoglobulin M (IgM) and immunoglobulin G (IgG) (Kishimoto and Hirano, 1988) . A recent study (Yang et al, 1999) has provided direct support for the thesis that human leukocyte antigen (HLA) class II molecules and cathepsins can provoke autoantigen presentation in epithelial cells. It seems reasonable to suggest that an 
association between prolactin and autoantibodies may be mediated by cathepsin overproduction.
All the data obtained in the present study therefore suggest that the prolactin neosynthesis, which occurs for still unknown reasons in the MSGs of patients with Sjögren's syndrome, could play a significant part in the destruction of acinar structures through the activation of proteinases, including at least cathepsins B and D. New experiments are under investigation to characterize these prolactin-mediated effects on metalloproteinase expression in the MSGs of patients with SS.
Materials and Methods
Patients and Controls
Thirty patients (26 women and 4 men; mean age, 53 Ϯ 8 years) with Sjögren's syndrome were included in the study. Diagnosis of SS was based on both the San Diego (Fox et al, 1986b ) and the European Community classification criteria (Vitali et al, 1993) . Fourteen patients exhibiting secondary SS met the criteria for rheumatoid arthritis (Arnett et al, 1988) . Antinuclear antibodies were present in all the patients: 82% positive anti-Ro/SSA antibody and 43% positive anti-Ro/ SSA and anti-La/SSB antibodies. Fifteen healthy volunteers (14 women and 1 man; mean age, 51 Ϯ 6 years) served as a healthy control group.
Determination of Antinuclear Antibodies
An indirect immunofluorescence procedure using Hep.2000 cell substrates was employed to detect the presence and titer of antinuclear antibody (Immunoconcept, Sacramento, California). Anti-Ro/SSA and anti-La/SSB antibodies were detected by means of ELISA (INOVA Diagnostics, San Diego, California).
Western Blot Analysis of Cathepsin B and D
Three human cancer cell lines were used to characterize the specificity of the anticathepsin B and anticathepsin D antibodies used in the present work. These cell lines were obtained from the American Type Culture Collection (ATCC, Manassas, Virginia) and included the LoVo (ATCC code CCL229) colon and the T47-D (ATCC code HTB133) and MCF-7 (ATCC code HTB22) breast cancer cell lines. The cells were cultured at 37°C in sealed (airtight) Falcon plastic dishes (Nunc, Gibco, Merelbeke, Belgium) containing Eagle's minimal essential medium (MEM, Gibco) supplemented with 10% fetal calf serum (FCS). All the media were supplemented with a mixture of 0.6 mg/ml glutamine (Gibco), 200 IU/ml penicillin (Gibco), 200 IU/ml streptomycin (Gibco), and 0.1 mg/ml gentamycin (Gibco). The FCS was hot-inactivated for 1 hour at 56°C.
Cell extracts were prepared by the sonication of scrapped subconfluent cells in PBS containing 1 mM phenyl methyl sulfonyl fluoride (PMSF) and 10 g/ml aprotinin. Cell lysates containing 10 g/ml of proteins, as evaluated by bicinchoninic acid (BCA) protein assay (Pierce, Polylabo, Antwerpen, Belgium), were loaded in each lane of a 12% polyacrylamide gel under denaturing and reductive conditions. After electrophoresis, the proteins were transferred onto a Polyscreen PVDF membrane (NEN Life Science Products, Boston, Massachusetts) by tank blotting. Cathepsin B and D proteins were further immunodetected by affinity-purified mouse monoclonal antibody for cathepsin B (clone Ab-3; Oncogene Research Products, Cambridge, Massachusetts) and rabbit polyclonal antibody for cathepsin D (clone Ab-1; Oncogene Research Products) in conjunction with goat antirabbit or antimouse immunoglobulin G conjugated with horseradish peroxidase (0.2 g/ml; NEN). Control experiments included the omission of the incubation step with the anticathepsin B or the anticathepsin D antibody (negative control).
RT-PCR of Cathepsin B and D
Total RNA from the control subjects and the SS patients MSGs was extracted using the TriPure Isolation Reagent (Boehringer, Mannheim, Germany). Reverse transcription and PCR were performed on 100 ng of total RNA in a single-tube reaction using the Superscript One-Step RT-PCR system (Gibco BRL Life Technologies, Eragny, France). For cathepsin B and D and glyceraldehyde-3-phosphate dehydrogenase (GAPDH), the specific primers used for the RT and PCR reactions were respectively: 5'-CTGAAG-GTTGCAACTTCTGGAC-3', 5'-GTGCTTCACAGTCG-TCTTC-3', and 5'-CGGAGTCAACGGATTTGGTCGTA-T3' as forward primers, and 5'-TTCGATTCCGC-AGTGATCCTG-3', 5'-GAGCCATAGTGGATGTCAA-AC-3', and 5'-AGCCTTCTCCATGGTGGTGAAGAC-3' as reverse primers. All RT-PCR were performed with 100 ng of forward and reverse primers in an Eppendorf Mastercycler Personal thermocycler (Eppendorf, Hamburg, Germany) using the following conditions: 35 cycles of 50°C for 30 minutes, 94°C for 2 minutes, 94°C for 30 seconds, 55°C for 30 seconds, 70°C for 1 minute; then 70°C for 10 minutes; and rapid cooling to 4°C. Amplified products (500 bp for cathepsin B, 172 bp for cathepsin D, and 306 bp for GAPDH) were electrophoresed on a 2% agarose gel stained with ethidium bromide.
Organotypical Minor Salivary Gland Cultures
After informed consent had been obtained from each of the persons under study, four MSGs (lower lip) were biopsied from each of the eight persons, ie, four patients with SS and four healthy volunteers. The glands were maintained under organotypic culture conditions in a manner identical to the methodology described for human brain and colon (Philippart et al, 2000) tumors. Briefly, after removal, each MSG was rinsed twice in MEM and immediately cut in half. To overcome the problem of biological heterogeneity, at least in part, two halves of two different MSGs taken from the same person were cultured for 24 hours in a given experimental condi- tion. Four experimental conditions were investigated for each of the four SS patients and the four control subjects. These four experimental conditions included the absence of prolactin (control condition) or the addition of either 5, 50, or 500 ng prolactin/ml MEM. Human prolactin was obtained from Sigma-Aldrich (Belgium). After a 24-hour period of in vitro culture incubation, the two halves of the MSGs were fixed for 4 days in buffered formalin and processed for paraffin embedding. Five-m-thick sections were cut from each paraffin block containing the two half-MSGs. These sections were submitted to quantitative immunohistochemistry, as detailed below.
In addition to the eight series of four MSGs used for quantitative immunohistochemistry, six additional series of two minor salivary glands (three from SS patients and three from healthy controls) were processed as detailed above for RT-PCR analysis. The two experimental conditions included the absence (control) versus the presence of 50 ng/ml of prolactin for 12 hours in the culture media.
Quantitative Immunohistochemistry for Cathepsins B and D
Three sections (5-m thick) taken from each experimental condition were subjected to processing with the different histochemical probes and kit reagents under study. The anticathepsin B (dilution 1:100) and anticathepsin D (dilution 1:100) antibodies used for these experiments were as detailed for the western blot analysis. Incubation with antibodies was carried out at 25 Ϯ 1°C for 120 minutes. The extent of the specifically bound antibodies was visualized by avidin-biotin-peroxidase complex (ABC) kit reagents (Vector Labs, Burlingame, California), with diaminobenzidine/H 2 O 2 as the chromogenic substrate. A negative control was performed for each experimental condition. It consisted of the omission of the incubation step with the primary antibody to verify the absence of any staining by unspecific reagent binding. Counterstaining with hematoxylin concluded the procedure.
A semi-quantitative estimation of the immunohistochemical cathepsin B and D staining was carried out for the routine biopsies as detailed previously for lectin histochemistry in meningiomas . This method is based on the precise estimation of both the staining intensity (SI) of each probe and the relative abundance of immunoreactive cells (labeling index, LI) among the acinar and ductal epithelial cells and the infiltrating mononuclear cells of MSG biopsies. The positive cells in each section were counted field by field, with at least 20 fields (ϫ25) per specimen. The percentage of positive cells was subjectively divided into four grades. The different grades included sections containing no positive cells (-), 0% to 25% of positive (ϩ), 25% to 50% of positive (ϩϩ), and Ͼ 50% of positive (ϩϩϩ) cells. The staining intensity (assessed in the histological fields used for the assessment of the labeling index) was graded 0 (absence of staining or staining equivalent to background staining in the negative control), 1 (weak to moderate staining), or 2 (intense staining).
Quantitative analysis of cathepsin B and D expression in the organotypic cultures of minor salivary glands submitted or unsubmitted to prolactin was carried out by means of computer-assisted microscopy as detailed elsewhere (Steinfeld et al, 1999) . Computer-assisted microscopy refers to the SAMBA 2005 system (UNILOG, Grenoble, France) equipped with an Olympus BX50 microscope used at a ϫ20 magnification (aperture, 0.50). Two variables were computed. The labeling index (LI) refers to the percentage of tissue area specifically stained by a histochemical probe. The mean optical density (MOD) denotes staining intensity. The computer-assisted microscope and related quantitative analyses were standardized as follows. A negative histological control slide (from which the primary antibody was omitted) was analyzed for each experimental condition under study. The software used on the computer-assisted microscope automatically subtracted the LI and MOD values of the negative control sample from each of the two positive samples available for each experimental condition. Specific software applications were included in the computer assisting the microscope in order to check any inherent shading in the chargecoupled device (CCD) camera-based systems, the glare phenomenon, and the level of linear precision. The shading and glare were checked each week. The monitoring procedure installed on our computerassisted microscope showed that neither shading, glare, nor linearity significantly modified our results (data not shown). Twenty acini and ten ducts were analyzed in each experimental condition.
Statistical Analysis
The Pearson 2 and Mann-Whitney tests were used to evaluate the statistical differences between healthy control subjects and patients with Sjögren's syndrome and each probe expression (clearly estimated in the acinar, ductal epithelial, and mononuclear cells by means of the LI and SI variables). All the statistical analyses were carried out using the Statistica software (Statsoft, Tulsa, Oklahoma).
